generate, this type of hearing loss is irreversible. A detailed understanding of the molecular events involved in HC damage and death is essential for developing prophylactic and therapeutic strategies to prevent hearing loss associated with HC damage and death.
Over the past few years considerable progress has been made in discovering factors that mediate HC death, however, little is known about factors important for HC survival. Recently, we could demonstrate that NF-kappaB, a transcription factor that plays a major role in the regulation of many apoptosis-and stress-related genes, is required for the survival of immature auditory HCs in vitro [Nagy et al., 2005] . In most cells, NF-kappaB is kept inactive in the cytoplasm through interaction with I-kappaB. Nuclear translocation occurs after stimulus-induced degradation of I-kappaB. In addition to the inducible form, a constitutive active NF-kappaB has been described in different cell types such as photoreceptor cells in the eye and cortical neurons [Kaltschmidt et al., 1994; Krishnamoorthy et al., 1999] . Similar to these reports we found a constitutively active form of NF-kappaB in the organ of Corti (OC) of 5-day-old rats. Selective inhibition of NFkappaB in vitro caused massive degeneration of HCs within 24 h of inhibitor application [Nagy et al., 2005] . These data suggest an important role for NF-kappaB in mediating survival of immature auditory HCs. We initiated this study to explore NF-kappaB downstream events that contribute to HC survival in the immature mammalian cochlea.
Materials and Methods

Animal Procedures
All animal procedures were carried out according to protocols approved by the Kantonales Veterinäramt, Zurich, Switzerland. Postnatal day 5 (p5) Sprague-Dawley rats (Harlan, The Netherlands) were utilized throughout the study.
Organ Culture
Animals were sacrificed and the cochleae carefully dissected to separate the OC from the spiral ganglion, stria vascularis and Reissner's membrane. The organs were placed into 0.4-m culture plate inserts (Millipore AG, Switzerland) and maintained in Dulbecco's modified Eagle medium, supplemented with 10% fetal calf serum, 25 m M HEPES and 30 U/ml penicillin (Invitrogen AG, Switzerland) . In all experiments, an 8-hour period was allowed for the explants to recover from the isolation procedure before further treatments [Sobkowicz et al., 1993] . For the time-course experiment, explants were exposed for 6, 12, and 24 h, respectively, to the NF-kappaB inhibitor, while control explants were kept in culture medium alone or were exposed to the inactive control NF-kappaB inhibitor for 24 h (7 OC explants per sample). For the triplicate experiment, OC explants were exposed to the NFkappaB inhibitor for 6 h, control explants were kept in culture medium alone or were exposed for 6 h to the inactive control NFkappaB inhibitor (7 OC explants per sample). Each experiment was performed 3 times.
Inhibition of NF-kappaB Activity
To inhibit NF-kappaB activity, an HPLC-purified synthetic inhibitor (NF-kappaB inhibitor, AAVALLPAVLLALLAPVQR-KRQKLMP, Santa Cruz Biotechnology Inc., Santa Cruz, Calif., USA) was added to the cell culture medium at the final concentration of 25 g/ml. We have previously shown that this compound and concentration causes HC loss [Nagy et al., 2005] . In the control experiments, an inactive control for the NF-kappaB inhibitor was used (NF-kappaB control, AAVALLPAVLLALLAPVQRDG-QKLMP, Santa Cruz Biotechnology Inc.) at the same final concentration.
Inhibition of Phosphatidylinositol 3-Kinase Activity
Liquid LY 294002 (Calbiochem, Merck Biosciences GmbH, Germany), a highly specific, cell-permeable phosphatidylinositol 3-kinase (PI3-K) inhibitor was added to the cell culture medium at the final concentration of 20 M . OC explants were first pretreated with LY 294002 for 2 h. Following pretreatment, a medium change was performed and samples were treated either with the NF-kappaB inhibitor (as described above) and LY 294002 simultaneously, or only LY 294002, for 24 h.
RNA Extraction from the OC
Total RNA was prepared from the cultured OC explants. Immediately following treatment, tissue was placed in RNAlater (Qiagen AG, Switzerland) for a period of 2 days. Seven OC explants were pooled in one sample in order to obtain enough material for further study. RNA was prepared using the RNAeasy Mini Kit (Qiagen AG, Switzerland) according to manufacturer's instructions. DNase I treatment was performed directly on the columns, also following the supplied protocol. The quality of the isolated RNA was determined with a NanoDrop ND 1000 (NanoDrop Technologies, Delaware, Ohio, USA) and Bioanalyzer 2100 (Agilent, Waldbronn, Germany). Only those samples with a 260/280-nm ratio between 1.8 and 2.1 and a 28S/18S ratio within 1.5-2 were further processed.
Description of the Time-Course
Microarray Experiments 2.6.1. cRNA Preparation. Total RNA (100 ng) was reversetranscribed into double-stranded cDNA with the Two-Cycle cDNA Synthesis Kit (Affymetrix Inc., P/N 900494, Santa Clara, Calif., USA). The double-stranded cDNA was purified using a Sample Cleanup Module (Affymetrix Inc., P/N 900371). The purified double-stranded cDNA was in vitro transcribed in the presence of biotin-labeled nucleotides using a IVT Labeling Kit (Affymetrix Inc., P/N 900449). The biotinylated cRNA was purified using a Sample Cleanup Module (Affymetrix Inc., P/N 900371) and its quality and quantity were determined using NanoDrop ND 1000 and Bioanalyzer 2100.
2.6.2. Array Hybridization. Biotin-labeled cRNA samples (15 g) were fragmented randomly to 35-200 bp at 94 ° C in Fragmentation Buffer (Affymetrix Inc., P/N 900371) and mixed in 300 l of hybridization buffer containing a hybridization control cRNA and control Oligo B2 (Affymetrix Inc., P/N 900454), 0.1 mg/ml herring sperm DNA and 0.5 mg/ml acetylated bovine serum al-bumin in 2-(4-morpholino)-ethane sulfonic acid buffer, pH 6.7, before hybridization to GeneChip Rat Genome 230 2.0 arrays for 16 h at 45 ° C. Arrays were then washed using an Affymetrix Fluidics Station 450 EukGE-WS2v5_450 protocol. An Affymetrix GeneChip Scanner 3000 (Affymetrix Inc.) was used to measure the fluorescent intensity emitted by the labeled target.
2.6.3. Statistical Analysis. Raw data processing was performed using the Affymetrix GCOS 1.2 software (Affymetrix Inc.). After hybridization and scanning, probe cell intensities were calculated and summarized for the respective probe sets by means of the MAS5 algorithm . To compare the expression values of the genes from chip to chip, global scaling was performed, which resulted in the normalization of the trimmed mean of each chip to a target intensity (TGT value) of 500 as detailed in the statistical algorithms description document of Affymetrix (2002) . Quality control measures were considered before performing the statistical analysis. These included adequate scaling factors (between 1 and 3 for all samples) and appropriate numbers of present calls calculated by application of a signedrank call algorithm . The efficiency of the labeling reaction and the hybridization performance was controlled with the following parameters: present calls and optimal 3 /5 hybridization ratios (around 1) for the housekeeping genes (GAPDH and ACO7), for the poly-A spike in controls and the prokaryotic control (BIOB, BIOC, CREX, BIODN). 
Description of the
DNA Chip Analysis
Analysis of the microarray data was performed using DNA chip (dChip) software [Cheng and Wing, 2001] , version June 27, 2005 (available at: http://www.dchip.org, a detailed description of model-based analysis of oligonucleotide arrays can be found at this website). Individual array intensities were normalized to the array with median overall intensity using the Invariant Set of Normalization method (per default). Model-based expression values were computed using the PM/MM difference model, measurement error was considered when averaging. In the main experiment, the following comparison criteria were used to assess differentially expressed genes between the baseline set (B = three Nt groups and three Mut_6h-treated groups) and the experiment set (E = three Inh_6h-treated groups): (i) lower 90% confidence bound of fold change; (ii) E/B 1 1.2, B/E 1 1.2; (iii) E -B 1 100, B -E 1 100; (iv) p value for testing E = B ^ 0.05, P call of B 6 20%, P call of E 6 20%. Filtering was applied to cutoff variation across samples after pooling of replicate assays to 0.5 ! standard deviation/mean ! 100, P call % in the arrays used 6 20%, and expression level 6 20 in 6 50% samples. Finally, clustering was performed with setting the p value threshold for calling significant clusters between 0.001 and 0.05. The results are displayed in the form of a clustering tree.
GeneSpring Analysis
GeneSpring 7.1 software package (Agilent Technologies, Inc.) was used as an alternative microarray analysis tool to doublecheck data generated by dChip analysis. Affymetrix-generated.cel files were loaded into GeneSpring software. Preprocessing (i.e. chip background intensity adjustment) was performed using GCRobust Multiarray Analysis (GC-RMA), per default. Data were normalized across all chips using the median of each gene. Only measurements flagged as present and with the raw signal value of 100 were filtered further using the cross-gene error model based on replicates (software supplier's instructions were followed as described in the analysis guide for cross-gene error model available at http://www.chem.agilent.com), p value cutoff was set at 0.05.
Real-Time PCR
TaqMan Gene Expression Assays with probes Rn00580055_ m1 [cysteine-rich protein 61 (Cyr61)], Rn00564547_m1 [regulatory subunit of PI3-K (PI3-Kr1)], Rn00594145_m1 [cadherin-13 (Cdh13)] and the endogenous controls Rn_00566655_m1 [betaglucuronidase (Gusb)] and beta actin (4352931E) were used to verify changes in gene expression levels. Assays were performed in the ABI PRISM 7700 Sequence Detection System according to manufacturer's protocol (Applied Biosystems, Applera Europe B.V., The Netherlands). For each reaction, cDNA samples were diluted 1: 10 and 1 l was used together with the TaqMan Universal PCR Master Mix., No AmpErase UNG (Applied Biosystems, P/N 4234018, Applera Europe B.V., The Netherlands). After completion of 45 cycles at default settings, resulting amplification curves were examined and baseline values were set between cycles 3 and 15 (no adjustment was necessary), log increase was observed to start at cycle 22. Expression of each target mRNA was calculated using the comparative C t method, based on the threshold cycle (C t ) as 2 -cΔΔCt , where ⌬ C t = C t, target -C t, Gusb or beta-actin and ⌬⌬ C t = ⌬ C t, experiment condition -⌬ C t, control condition . Standard deviations (s) were calculated according to the formula s = (s control condition 2 + s experiment condition 2 ) 1/2 .
Immunofluorescence
For immunofluorescence studies, OC explants were fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS) (pH 7.2) and permeabilized with 5% Triton X-100 in PBS with 10% fetal bovine serum. To reduce unspecific binding sections were treated with PBS containing 2% bovine serum albumin for 30 min at room temperature. The samples were then incubated with rabbit anti-PI3-K p85 ␣ polyclonal antibody (Z-8) (1: 50) overnight at 4 ° C. After repetitive washing in PBS, the samples were incubated with secondary anti-rabbit FITC-conjugated antibody (1: 100) for 2 h at room temperature. In the negative control, the primary antibody was replaced by PBS. Samples were visualized on a fluorescence microscope (Olympus IX71) and photographed using AxioCam (Zeiss) immediately following staining. All antibodies were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, Calif., USA).
For phalloidin staining samples were incubated with a 1: 100 dilution of F-actin binding Texas red-conjugated phalloidin T7471 (Invitrogen AG) for 1 h at room temperature. Visualization was performed on a Leica inverted confocal laser scanning microscope with a red filter (excitation/emission wavelength 596/615nm). Images were assembled by stacking 20 single digital scans (4 m in thickness) using Imaris Image Processing Software (Bitplane AG, Switzerland).
Caspase-3 Activity Assay
Cultured OC explants were harvested in 10 m M HEPES, pH 7.5, 2 m M EDTA and 0.1% CHAPS, supplemented with 5 m M DTT, 1 m M PMSF, 10 g/ml pepstatin A, 10 g/ml aprotinin and 10 g/ml leupeptin. For each condition, 5 explants were pooled in order to obtain enough material for biochemical assays. Tissue was homogenized with Ultra-Turrax T8 (IKA-Werke GmbH, Germany) tissue homogenizer. Samples were then centrifuged at 13,000 rpm for 20 min at 4 ° C, and supernatant mixed 1: 1 with caspase assay buffer (200 m M HEPES, pH 7.5, 1 m M EDTA, 20% sucrose, 0.2% CHAPS, 0.2 mg/ml bovine serum albumin, 20 m M DTT). Adenosine triphosphate (Invitrogen AG) and Ac-DEVDpNA (ALEXIS Corp., Switzerland) were added to the reaction mixtures at the final concentrations of 1 and 50 m M , respectively. Reactions were incubated for 3 h at 37 ° C. Following, the caspase-3 activity was measured in a spectrophotometer (Tecan Trading AG, Switzerland) at wavelength 405 nm.
Statistical Analysis for Caspase Assays
Results obtained in the caspase activity assays were analyzed by an unpaired t test using GraphPad Prism 3.03 software (GraphPad Software Inc.). The unpaired t test compares the means of two groups, assuming the data are sampled from Gaussian populations. Statistical significance is given in the form of p value and confidence interval. A p value of ! 0.05 signifies that the differences observed in comparison of 2 samples are statistically significant, i.e. that it is unlikely that the differences observed are due to a coincidence of random sampling. Data obtained in three independent experiments were used for analysis.
Results
Inhibition of NF-kappaB Activity in OC Explants Results in Gene Expression Changes Compared to Control Explants
To assess the time point at which global changes in gene expression occur in rat p5-old OC explants exposed to 25 g/ml NF-kappaB inhibitor, gene expression profiling was performed using GeneChip Rat Genome 230 2.0 arrays from Affymetrix. In this experiment, out of 31099 sequence tags present on the gene chip, statistical analysis (p value between 0.001 and 0.05) identified 74 differentially expressed genes 6 h after addition of the NF-kappaB inhibitor compared to untreated samples or samples treated with the inactive NF-kappaB inhibitor control ( fig. 1 , down-regulated genes are depicted in blue, up-regulated genes are depicted in red). A list containing a more detailed description of differentially expressed genes, as identified by dChip software, is provided in table 1 . It must be noted that these data represent a single array sample employing specific experimental conditions, and the genes presented in figure 1 are not to be regarded as reliably differentially expressed between the tested conditions. We used them as orientation for determining an early time-point at which NF-kappaB inhibition-induced gene expression changes could be observed in OC cultures.
After 6 h of NF-kappaB Inhibition, the OC Explants Do Not Show HC Loss
Previously, we have shown that caspase-3 activation in OC explants occurs as early as 6 h after treatment with the NF-kappaB inhibitor, with apoptotic HC death visible after 24 h [Nagy et al., 2005] . Here we extend the histological analysis to earlier points in time of 6 and 12 h, with an inhibitor concentration of 25 g/ml throughout the experiments. Six hours of treatment did not result in any significant HC loss, although the HC rows appeared slightly perturbed ( fig. 2 ) . Twelve hours following treatment, visible damage to HC could be detected ( fig. 2 ) . A total of 8 explants (from 4 animals) were examined for each condition; representative images are shown in figure 2 .
The Regulatory Subunit of PI3-K Is Up-Regulated in HCs after NF-kappaB Inhibition
After determining that gene expression changes occur as early as 6 h following NF-kappaB inhibition, this time was chosen for further analysis in which the microarray experiments were performed in triplicates, and the data analyzed by dChip and GeneSpring software packages. Both comparative analyses gave overlapping results and have identified 14 genes, which reliably distinguished the NF-kappaB inhibitor-treated samples from control samples either cultured in medium alone or treated with the inactive control NF-kappaB inhibitor ( fig. 3 ) . From 14 genes, 2 were down-regulated, and 12 were up-regulated following NF-kappaB inhibition ( table 2 ) .
Out of the 14 genes found in the replicate assays to be reliably differentially expressed in the NF-kappaB inhibitor-treated group vs. the inactive control inhibitor group and the medium alone control group, two genes were selected and their expression changes were then assessed using RT real-time PCR. The gene coding for PI3-Kr1 and the gene coding for Cyr61 were chosen for analysis because of previous reports linking NF-kappaB to these genes [D'Addario et al., 1999; Lin et al., 2004] . RT realtime PCR confirmed up-regulation of PI3-Kr1 and Cyr61 genes and down-regulation of the Cdh13 gene in NF-kappaB inhibitor-treated OC explants, as compared to untreated controls ( fig. 4 a-c) . Moreover we could detect PI3-Kr1 in inner and outer HC of the OC. PI3-Kr1 immunoreactivity was only present in HCs and not in any type of supporting cells. After inhibition of NF-kappaB the immunoreactivity was significantly increased ( fig. 5 ) . 
Inhibition of PI3-K Reduces Caspase-3 Activation in OC Explants Exposed to an NF-kappaB Inhibitor
Activation of caspases (cysteine-aspartatic acid proteases) is an early event in programmed cell death. Caspases initiate cellular breakdown by degrading specific proteins. Activation of caspase-3 plays a key role in the apoptotic process, and once it has been activated, the program for cell death is irreversibly activated. In a recent report we showed that caspase-3 activity increases in the OC following inhibition of NF-kappaB activity [Nagy et al., 2005] , suggesting that HC death following NF-kappaB inhibition occurs by an apoptosis-directed pathway. Caspase activity assays utilizing Ac-DEVD-pNA caspase-3 substrate (Alexis Biochemicals) indicated that inhibition of PI3-K significantly (p = 0.0378) reduced caspase-3 activity in OC explants exposed to the NF-kappaB inhibitor ( fig. 6 ). As a negative control the baseline buffer and as a positive control an active human recombinant caspase-3 (Alexis Biochemicals) were used (data not shown).
Discussion
Inhibition of NF-kappaB activity in OC explants of p5 Sprague-Dawley rats resulted in up-regulation of 12 genes, among them the gene coding for PI3-Kr1, and down-regulation of 2 genes. Moreover, using cell culture experiments we show that the inhibition of the PI3-K signaling pathway, using a specific inhibitor, reduced caspase-3 activation in OC explants exposed to a specific NF-kappaB inhibitor. Moreover, we found with immuofluorescence PI3-Kr1 exclusively in HCs and not in supporting cells. These data provide evidence for involvement of the PI3-K signaling pathway in NF-kappaB-dependent HC death.
The NF-kappaB family of transcription factors are key regulators of many biological processes such as immunity, cell survival and apoptosis [Karin and Greten, 2005] . However, their function in the inner ear is only partially understood. NF-kappaB expression has been found in More detailed list of genes whose expression was altered by NF-kappaB inhibition already after 6 h compared to untreated samples or samples treated with the inactive NF-kappaB inhibitor control and their corresponding 'fold change' values obtained by dChip analysis. Numbers 1-36 represent up-regulation of gene expression; numbers 37-74 represent down-regulation of gene expression. EST = Expressed sequence Taq. Replicate assays from the same experimental condition (lanes 1, 2, and 3 represent untreated controls, lanes 4, 5, and 6 represent 6-hour treatment with the inactive NF-kappaB inhibitor control, whereas lanes 7, 8, and 9 represent 6-hour treatment with the NFkappaB inhibitor) were pooled using a weighted averaging method and comparative analysis was performed using dChip software. After filtering, 14 genes depicted were identified as being reliably differentially expressed between the different groups (format is the same as in fig. 1 ).
the murine cisplatin-treated cochlea, mostly in the stria vascularis and the spiral ligament [Watanabe et al., 2002] . Recently, it has been reported that NF-kappaB has a protective role in kanamycin-induced HC death in adult mice [Jiang et al., 2005] . In addition, we have shown that NF-kappaB is found in the immature OC in a constitutive active form and that inhibition of its activity results in massive HC degeneration [Nagy et al., 2005] . In order to investigate downstream events that contribute to apoptotic HC death in response to NF-kappaB inhibition in the immature cochlea, we initiated this study. We primarily wanted to gain insight into early gene expression changes that occur in the OC after NF-kappaB inhibition, which ultimately lead to, but occur prior Genes of interest whose expression reliably differs in NF-kappaB inhibitor-treated versus control arrays. Fold changes in expression levels with respect to the untreated control samples (8 standard deviation between triplicate experiments) are given. 
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to the actual death of HCs. Two genes, encoding for Cyr61 and PI3-Kr1, seemed to be most interesting because of the reports from the literature linking them to NF-kappaB [Beraud et al., 1999; Birkenkamp et al., 2004; Lin et al., 2004] . Even though there are no data in the literature concerning the role of Cyr61 in the ear, Lin et al. [2004] report that MCF-7 cell lines overexpressing Cyr61 had significantly increased NF-kappaB activity compared with control cells. Furthermore, the NF-kappaB pathway was evidently activated in Cyr61-overexpressing gastric cancer cells [Lin et al., 2005] . Reports by Reddy et al. [1997] , Beraud et al. [1999] and Birkenkamp et al. [2004] made a connection also between PI3-K and NF-kappaB. Real-time PCR confirmed down-regulation of Cdh13 in OC explants after NF-kappaB inhibition. The significance of the changes in Cdh13 and Cyr61 expression in OC explants after NF-kappB inhibition has to be elucidated in future studies. In this study we focus on the PI3-K signaling pathway.
PI3-K generates phosphorylated phosphoinositides that serve as crucial second messengers for a wide range of biological functions such a cell survival and differentiation. The role of the PI3-K signaling pathway in the inner ear is poorly understood. It has been demonstrated that this pathway plays a role for S-phase entry of the vestibular epithelia of both avian and mammalian species [Witte et al., 2001] .
Recent studies in other cell types indicate a complex regulation of PI3-K activity involving a delicate balance between the regulatory subunits and functional PI3-K heterodimers consisting of regulatory and catalytic subunits [Fruman et al., 1998; Hallmann et al., 2003; Katso et al., 2001; Virkamaki et al., 1999] . In this study we found PI3-Kr1 up-regulated after NF-kappaB inhibition in OC explants. Moreover we found weak immunoreactivity of PI3-Kr1 in control explants, and strong immunoreactivity in OC explants exposed to the NF-kappaB inhibitor. In both cases PI3-Kr1 was detected in hair cells and not in supporting cells of the OC. This is very much in agreement with findings by Beraud et al. [1999] . They have reported that PI3-Kr1 specifically associates with tyrosine-phosphorylated IkappaB-alpha after stimulation of T cells with pervanadate. This suggests that by sequestering IkappaB-alpha, PI3-Kr1 is involved in an alternative pathway of activating NF-kappaB. Therefore it is possible that by increasing the expression of PI3-Kr1 HCs are trying to reduce the impact of apoptosis caused by NF-kappaB inhibition. These findings suggest that up-regulation of the regulatory subunit of PI3-K upon NF-kappaB inhibition might work as a counterbalance to the process of apoptosis and help rescue the cells.
What about the role of PI3-K itself? Beraud et al. [1999] , Birkenkamp et al. [2004] and Reddy et al. [1997] have found, under conditions when NF-kappaB was activated, that inhibition of PI3-K resulted in reduction of NF-kappaB activity. In this study, however, inhibition of PI3-K activity with LY294002, a compound that affects the ATP binding site of the enzyme [Vlahos et al., 1994] , reduced caspase-3 activity in OC explants exposed to a NF-kappaB inhibitor. It should be noted that inhibition of PI3-K under normal culturing conditions did not result in morphological changes of HCs. This suggests that, under conditions when NF-kappaB is inhibited, inhibition of PI3-K helps alleviate the effect of apoptosis. Why does inhibition of PI3-K not increase the effect of apoptosis, as would be expected from the reports above? We suggest the following explanation: under conditions of NF-kappaB inhibition, the expression of the regulatory subunit of PI3-K in HCs is increased and it becomes in excess over the PI3-K heterodimers. It has been proposed that excess monomeric regulatory subunit competes with functional PI3-K heterodimers [Hallmann et al., 2003] . Inhibition of the catalytic site of the enzyme by a specific inhibitor might contribute to shifting the balance to the side of the regulatory subunit, which, by sequestering the IkappaB-alpha, could help diminish the effect of inhibition of NF-kappaB and subsequently reduce apoptosis. However, additional experiments are required to confirm this hypothesis. This study links the PI3-K pathway to NF-kappaB-dependent HC death in the immature mammalian cochlea. However, one should be aware of several limitations of the methods used. First of all, since mature HCs cannot be maintained in vitro, we have used immature HCs for this study. Even though immature cochlea is an established model for cellular and molecular studies concerning various aspects of inner ear biology such as ototoxicity [Pirvola et al., 2000] , immature HCs can react differentially than adult HCs to inhibition of intracellular signaling pathways. Therefore our data are limited to the immature mammalian cochlea. What might be the role of NF-kappaB in the mature cochlea? Recent studies indicate a role for NF-kappaB in the mature cochlea: a study conducted with adult mice demonstrated that the redox state of the cochlea stimulates NF-kappaB activation [Jiang et al., 2005] . In another study, adult mice lacking the NF-kappaB subunit p50 suffered from increased noiseinduced hearing loss compared to their wild-type littermates [Lang et al., 2006] . It seems therefore that NF-kappaB plays an important role in the adult mammalian cochlea. However, although the microarray data were analyzed by two independent comparative analyses that gave overlapping results and the data were confirmed by RT real-time PCR and by using highly specific signal transduction pathway inhibitors, one must be aware that the use of microarray technology is not well established for the analysis of gene expression in the inner ear. Due to the fact that no inner ear array (no high-quality inner ear arrays commercially available at this time) has been used in this study, it is possible that some genes specifically differentially expressed in the OC were missed. Additionally, we might have missed some genes because we applied very stringent filtering criteria for selecting the 14 differentially expressed genes in the replicate experiment. While such criteria contributed to the reliability of the data, they may have caused the loss of some genes. Another difficulty that arises when microarray technology is applied to analysis of gene expression in the inner ear, is how to discern differences in cell type-specific expression, as there are different cell types in the OC of the inner ear. Therefore our microarray data reflect the global gene expression pattern from all the cells of the OC and not only of HCs. However, in a previous study [Nagy et al., 2005] , we have shown that NF-kappaB is localized in the nuclei of HCs in the OC, suggesting that the molecular mechanisms involved after NF-kappaB inhibition are also localized in HCs.
Taken together, this study suggests that the PI3-K pathway is involved in the NF-kappaB-dependent HC death in the immature mammalian cochlea. The involvement of other genes identified by the microarray experiment described herein was not confirmed. Their role is currently unknown and will be addressed in further studies.
